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Abstract. Flood defence assets such as earth embankments comprise the vital part of linear flood defences in many 
countries including the UK and protect inland from flooding. The risks of flooding are likely to increase in the future 
due to increasing pressure on land use, increasing rainfal events and rising sea level caused by climate change also 
affect aging flood defence assets. Therefore, it is important that the flood defence assets are maintained at a high level 
of safety and serviceability. The high costs associated with preserving these deteriorating flood defence assets and the 
limited funds available for their maintenance require the development of systematic approaches to ensure the 
sustainable flood-risk management system. The integration of realistic deterioration measurement and reliability-
based performance assessment techniques has tremendous potential for structural safety and economic feasibility of 
flood defence assets. Therefore, the need for reliability-based performance assessment is evident. However, 
investigations on time-dependent reliability analysis of flood defence assets are limited. This paper presents a novel 
approach for time-dependent reliability analysis of flood defence assets. In the analysis, time-dependent fragility 
curve is developed by using the state-based stochastic deterioration model. The applicability of the proposed approach 
is then demonstrated with a case study. 
1 Introduction 
Flooding is a growing problem in the UK and 
worldwide. According to the article published in BBC the 
majority of the area in England and Wales wil be under 
the worst case scenario of flood risk, as shown in Figure 
1 and the cost associated with increased risk of flooding 
may rise by 20-fold in 2080. Recently, the problem was 
highlighted again due to severe flooding in 2015/16 
winter, causing significant economic losses. Earth dykes, 
used as major flood defence structures in the UK, can 
become more vulnerable due to changing operation 
conditions during extreme events, as evidenced by the 
numerous breaches along earth embankments during the 
December 2013 East Coast surge event and the colapse 
of banks of River Ouse in December 2015. Hence, many 
existing earth embankments are currently under threat 
due to global warming induced sea level rises and 
increased sea storminess, which results in increased 
magnitude and frequency of hydrodynamic actions, larger 
overtopping flows, increased stresses within the 
structures and reduced resistance of the structure. Hence, 
in order to protect inland from flooding, it is of 
paramount importance that these flood defence structures 
are maintained at a high level of resilience and 
serviceability. 
 
 
 
 
Figure 1. Risk of flooding in England and wales [1]. 
 
The prioritization of scarce resources required for the 
maintenance repair and rehabilitation of flood defence 
structures is a major problem in flood risk management. 
Efective flood risk management is important so that the 
country is in the best position to tackle risks, and to 
protect life and properties. Recent advances in lifecycle 
management,  preventive  maintenance  strategies,  
reliability and optimization techniques could be the 
fundamentals for the strategic flood risk management. As 
these techniques wil help in estimating the reliability of 
these deteriorating flood defence structures and making 
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decision required for the optimal inspection and 
maintenance [2-6]. Therefore, for the effective flood risk 
management, the estimation of the likelihood of failure of 
the flood defence structures such as embankments under 
diferent hydraulic conditions with respect to their 
deterioration sate is essential. This paper presents a novel 
approach for time-dependent reliability analysis of 
embankments. In the analysis, time-dependent fragility 
curve is developed by using the state-based stochastic 
deterioration model. The applicability of the proposed 
approach is then demonstrated with a case study. 
2 Deterioration of embankment 
  
Figure 2. Potential performance deterioration of earth 
embankments (after [8]).
Grade Rating Description 
1  Very  
Good 
Cosmetic defects that wil have no 
efect on performance. 
2  Good  Minor defects that wil not reduce the 
overal performance of the asset. 
3  Fair  Defects that could reduce performance 
of the asset. 
4  Poor  Defects that would significantly 
reduce the performance of the asset. 
Further investigation needed. 
5  Very  
poor 
Severe defects resulting in complete 
performance failure. 
3 Methodology of assessing the risk  
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Figure 3. A generic fragility curves of earth embankments [2].
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4 Case study 
 
Condition states 1  2 3 4 5 
Age (years) 0 3 6 25 40 
 
 
 (1)
0.68 0.32 0 0 0
0 0.78 0.22 0 0
0 0 0.85 0.15 0
0 0 0 0.69 0.31
0 0 0 0 1.00
P     
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